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», e 1t ff round of tht Inv.ntlon 

l^ITribro.i. (CF) i. th. .ct eo.non ..n.tic 

di.ord.r .ff.ctin, th. •hit. population. In. 
clinic.l ..«if..t.tion. of th. 41...M 

chronic p«l.o«.r y «..«•. '""""V"!'". 
lM «ffici.nc y .«d .i.v.t.d .v..t .l.ctr.lyt... 
M,l..t. -1th CF u.u.lly .«ccu.b to th. p-l-n.ry 
It ... hy th. ..con* d.c.d. of lit.. 
p.ei.»t. «. .urvlvin. into .dult lit.. nU-lt -Itb 
pul.on.r, ad ,..troint..tin.l ptobl.... th. 
pro.no.i. of CF d.p.nd. .ntir.l, on it. 
... at fir.t di.,no.i. .nd .ff.ctlv. ..n.,«.*t of 
■any eonplle.tion. . 

Abnornally hi.h .l.ctrlc.l pot.nti.l 
aiff.r.nc h.v. b..« d.t.ct.d .cro.. th. .pith.lial 

If f CF .xocrin. ti..u... Th. fund.... 

20 d.f.ct h„ b..n ...ocLt.d with —...d 

ion cond»ct.nc. .cro.. th. .pU.l .«br.n. of 
pith.li.l c.U.. mhou,h pro.r... h.. b..n 
i. th. i.ol.ti.. -f p.lyp.P«l«. •«#•—» of « 
.pitb.li.l eWorld. ch.nn.l th.t ..di.t.. 
25 conduct^., th. r.l.tion.hip of th. ch.nn. . th. 
" clinic.1 W f.. -f CF h.. yt to » 

D ..pit. «t.n.iv. r...«ch .ffort.. th. b..ic 
bioch..ic.l d.f.ct r.-.i». 

lb. incid.«c. of CF in north A..ric.« -hit.. 1. 
, . 1 i. « 000 birth.. Thl. »uuo«t. * 
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..... 1 i. 25. Th. d.f.etiv. g.n. 11*.* « . 
DHA poly.orphi« in 1985. .nd l.c.lix.d to th. long 
.» If hu«» chro.o.o.. 71 Sub..q«.«tly. ..g«nt. 
of DBA clo..r to th. cy.tlc fibro.i. g.n. 
id.ntifi.d, «d DHA poly.orpbi... vitb p.rtlcul.r 
.11.1.- £r.,u.ntly ...oci.t.d with th. cy.tlc 
fibro.i. (L... di..q«ilibri«.) «.r. 

r.port.d Th. cloning .£ th. CP g.n. h., . W« 
r.port.d. «d . thr.-b... <thr..-nucl..tid.> 
dol.tion th.t r..ov.. ph.nyl.Lnin. 508 fro. th. 
£ 0 «l«o acid coding r.gion v.. id.ntlfi.d th. 
. ttt .*lon th.t c.u... CP in th. ..Jority of 

Hi.toric.Uy. th. dl.gno.i. .£ cy.tlc fibro.i. 
h.. b..n b...d on clinic.1 finding. *»d th. 
oioch.-ic.l .bnor..litl.. in A- incr.... » 

„..t .l.ctrolyt... .cco.p.«i.d by on. or .or. ..jor 
ellnic.l fctur... v.. th. b..i. £or dl.gno.i.. 
Pr.».t.l di.,no.i. «d c.rri.r d.t.ction w.r. not 
po»ibl.< 

c— «r T of mention 

Th . pr ... n t inv.ntion r.l.t.. to . ..thod of 

d .t.ctln, in » opined fro. en qp 
.bnor..lity i. DHA. .«ch .. th.t "^'^ " 
la p.rtic»l.r. it r.l.t.. to . ..thod •£ d.t.ctin, 
U DHA obt.in.d fro. .. W*. • 
tid. or triplot dol.tion £ro. th. CP g.n. which h« 

:u « > •** » * T^r 

70* of .11 ca.... Th. pr...nt invontion furth.r 
t .l.t.. to prob.. (BHA or HHA) u..£ul in th. «thod. 
„d .pplicbl. to othor g.notic di...... i- 
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d.l.tion. in..rtlon. .edification or .ub.tltutlon of 
on. or- .or. ..... in th. prl.ary .tructur. of th. 

nor.al DMA occurs. 

Th. ..thod of dotocting an abnor»ality In a 
cycle flbro.U g.n. which 1. ...oel.t.d vith or 

c. u..tiv. of ey.tlc flbro.U roll" •» fluor..c.«e. 
r..o»a»c. an.rgy ««.f.r (W«T) and can b. c.rri.d 
out in OKA obt.ln.d <pr.«.t.Uy or po.tn.t.liy) fro. 
.« Individual .u.p.cc.d of having or lik.ly to 

d. v.lop ey.tlc flbro.U or In DMA obt. In.d fro. an 
individual thought to ba a carrier. 

In th. ..thod of th. pr...nt Invention, a pair 
of fluorophor.-l.b.l.d ollgonucl.otid. prob.. 1. 
eo.bln.d with DMA obt.ln.d fro. an Individual. Th. 
fluor..c.nc. an.rgy tran.f.r t.cbniqu. a. r.l.t.d to 
honologou. ..qu.nc. .«gg«t.d by H.ll.r and 
Morri.on, in Uv \« D.t .ctlon and T dantlf IcatUn o f 
t.f»M Btt . A t.nta . Ed.. Klng.bury, J.J. «d S. 
i^u" (Ac.d..ie. M.v York.) pp. 243.236. and .hovn 
to b. .pplicabla to localisation of .p.eifie 
..qu.nc of DMA or IMA by Cardullo jt . Pfoc, 
— ..... USA. fl.l7t0.t7t4 (198S). th. 

prob.. ar. co.pl.-.nt.ry to th. r.gl.n of »t..1 DMA 
which corr..pond. to a r.gion of DMA wh.r. an 
obnonal nuel.otld. ..ou.nc. .«i.t. in a g.n. 
...oel.t.d vlth or eauaatlv. of ey.tlc flbro.U. 
Hybridisation of both l.b.l.d oiigonuei.otid. prob.. 
to DMA obtain.* fro. th. individual -eeur. only to 
nor..l DMA and i. d.t.ct.d by ....urin, flu.r..c.ne. 
r..onane. .n.rgy tran.f.r. 

In particular, th. Inv.ntlon r.l.t.. to a 
..thod vhich ..ka. u.. of a p.ir of flu.rophor.- 
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1(b .l.d oligonucl.otid. prob... On. prob. I. 
eo.prir.d of • nucl.otld. ..qu.nc. eonpl.m.nt.ry to 
. r.gion of DHA which 1. .dj.e.nt to «n .bnorn.l 
nucl.otld. ..qu.nc. in. a d.f.ctiv. C .n. ...oci.t.d 
with or cau«.tiv. of ey.tlc fibrosis. A ..eond 
prob. 1« lab.l.d with . dlff.r.nt fluorophor. <i.a.. 
fro. th.t pr...at on th. oth.r prob.) *nd 1. 
comprised of * nucl.otld. ..qu.nc. eompl.n.ntary to 
th. r.gion of norn.l DHA eorr..pondlng to th. r.gion 
from which, in abnorm.l ©HA, th. thr.. nucl.otld.. 
«r. d.l.t.d .nd a r.gion of DBA dir.etly .dj.e.nt to 
th. r.gion. but in th. oppo.it. dir.etion from th.t 
of th. oth.r prob.. Th. fluorophor.. *r. cov.l.ntly 
bound to th. prob.. and ar. po.ition.d on .ach prob. 
.uch th.t wb.n both prob.. «r. hybridi«.d to «n 
unint.rrupt.d ..gma»t of norm.l DHA. th. fluorc 
phor.s will U« adjae.nt to on. .noth.r. 

Both prob.. will hybrldl.. to DHA from • norm.l 
individual .nd th. .n.rgy of th. fluorophor. (donor) 
of on. prob. will tran.f.r to th. fluorophor. 
(acc.ptor) of th. ..eond prob.. «»•« both prob.. 
.r. hybridla.d to an unint.rrupt.d ..gm.nt of norm.l 
DHA. th.r. will b. an .r.. b.tw..n th. prob.. 
lacking hybridi«.tion of compl.m.nt.ry nucl.otld.., 
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15 



20 



„ which provid.. th. «p.e. for th. fluorophor.. to li. 
.dj.e.nt to on. anoth.r .nd tr.n.f.r .n.rgy. Ihi. 
c.n b. d.t.etad by fluor..c.ne. r.aon.ne. .n.rgy 
tr.n.f.r (fMT) by m.a.urlng th. d.cr.*.. in 
fluor..e.nc. (qu.nching) of th. donor fluorophor. 

30 .nd th. iner.... In flu.r..c.nc. of th. ace.ptor 
fluorophor.. If th. .n.rgy tr.n.f.r occur., it i. 
indlc.tiv. of . nor..l g.n. or nucl.otld. ..qu.nc. 
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The probe whieh includes a nucleotide aequence 
coiplmntary to the region of normal DNA that 
corresponds to the abnormal nucleotide sequence of a 
dafaetlva gano will not hybridise with DHA fron an 

05 individual with cyatic fibroaia. Coneequently , 
thara will ba no energy tranafar batwaan 
fluorophoraa and no ineraaaa And daeraaaa in 
fluoraaeanea of tha fluorophoraa occur*. Tha 
abeenee of energy tranafar ia, thua, indicative of 

l0 cyatic fibroaia. Further, tha confirmation of tha 
praaanca of tha CF gana can ba carried out through 
eha uaa of probea apaciflc for tha CF gana. 

Tha praaant invention offara aavaral advantagaa 
ovar exlatlng tachnologlaa . Currant aethode of 

l5 datactlng tha abaanea or praaance of abnormal 
nucleotide aequencea related to cyatic fibroaia 
uaually involve the burdenaoae teak of laaoblllslng, 
onto a aolid aupport, the oligonucleotide probea 
uaad for capturing the nucleotide aequence of 

20 lntereat or aaaple nucleotide aequencea to be 
teated. Thia ia needed because current teating 
aethode require the aeperation of hybridised 
nucleotide aequencea froa non-hybridixed aequencea. 
The preeeat invention doea not require theae 

25 aeperation etepa, end consequently, laaobllizatlon 
of probea or aaaple nucleotide aequencea ia 
unnoceaeery. In addition, the uaa of aolid aupporte 
ia uaually accoapanled by probleaa of nonspecific 
binding of detector oligonucleotide probea to the 

30 aolid support, reaulting in inaccurate 

deterainationa of hybridization between the 
nucleotide aequence of lntereat and detector probea. 
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Lastly, the present aethod do., not require the use 
of radioaetiviey. and consequently. Its troublesome 
disposal. In auaaary. tha present Invention la an 
accurata and sensitive, aethod of detecting abnormal 
05 nuclaotids sequences In tha cystic fibrosis genoae, 
vhich is also convenient and safs. 

Krtaf Description of tha Drawings 

Figure 1 is a schaaatle representation of tha 
hybridisation of fluorophora-labalad nucleic acids 
coapleaentary to distinct, but elosaly spaead, 
saquaaeas of a longer unlabalad nuclsie acid. 

Figura 2 is a schaaatle raprasantatlon of ona 
aabodiaant of tha prasaat invantion, illustrating 
tha usa of pairad fluorophora-labalad probas 
coaplaaantary to noraal DHA vharaln 1) tha 
hybridisation of both fluorophora-labalad probas 
with noraal DBA and tha rasultlag fluorascanca 
anargy transfer; and 2) tha laek of hybridisation 
with CP DHA of tha fluorophora-labalad proba 
containing tha nuelaotlda saquanca coaplaaantary to 
tha raglon of noraal DHA corresponding to tha 
trinucleotide deletion and adjacent 5' nucleotides 
of cystie fibrosis MA and the lack of fluorescence 
energy transfer. 

Figure 3 la • schaaatle representation of one 
eabodiaent of the preaent invention, illustrating 
the use of paired fluorophore- labeled probea 
coaplaaantary to CF DHA and showing 1) the 
hybridization of both fluorophore -labeled probes 
with CF DHA and tha resulting fluoreseenee energy 
transfer; and 2) tha lack of hybridisation with 
noraal DNA of tha 
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i.h.l.d prob. cont.lnlns th. nuel.otld. 
fluorophor.-lab.l.d proo. 

..,u.nc. co-pl..«t.ry to th.. r.glon of CF 

x.-pondln, to th. trlnucl.otld. 
.dj.c.nt 5- nuel.otld.. of cy.tic fibro.t. DHA .no 
th. l.ek of fluor.-c.nc. .n.r t y tr«.f.r. 

,i,ur. 4 i. . trophic r.pr...nt.tlon of th. 
.odul.tion of fluor..e.«c. tnt.n.ity upon S-.r 
hybridation ot f i*.d nu.b.r. of donor .ol.oulo. 
.Id Lroooin. conc.ntr.tion of th. co.,l..«t.ry 

° u, T.rr;.: .r.p,u 

t,.n.f.r offlei.ncy of fluor..e.in rhod*.in. 
.tt.eh.d to th. 5' «*• •* co. P l—t»«ry 
oll.onuel.otldo. of v.rlou. l.ngth.. 

Fl,ur. « i. • ««P«« W..n«tlon of eh.ng.. 
in fluor..c.ne. int.n.ity of donor •«* 
lector .linh.4 . «r. « • f-tion of t.np.r.tur. 

**^*«^T Vo ^ fT^. of —tin. 
Th. pr...nt Invention 1* • 

,.„(.) .....!.<•« ••»••«'• •* 

. l r. , «:. l .-. — •••'-rr;.;::. 

TZ «... .««>. »« 



SUBSTITUTE SHEET 



WO 92/14845 



PCT/US92/01591 



reliee on Mans of detection of fluoraecence reso- 
nance energy tranafer aa an indicator of tha pre- 
aanca or abaanea of abnormal bHA. 

Hybridisation of two eeparate aegaenta of DNA 
05 (i.a., oligonuelaotida probaa) to adjacent regions 
of a third coapleaeatary aingle atrand aay ba 
datactad by non-radiative fluoraaeanea raaonanca 
anargy tranafer, providad that two fluorophoraa vith 
ovarlapping excitation and eaieaion apaetra ara 
10 attaehad to tha hybridising aegaenta of DNA and, 
onea thay ara hybridised, tha diatanca betvccn tha 
tvo fluorophoraa thay baar la approprlata for FRET 
to occur. For exaaple, tha 3' and of ona oligo- 
nuelaotida can hava a fluoraaealn covaleatly 
15 attaehad, and tha 5' and of tha othar oligonuelao- 
tida ean hava a rhodaaina covalantly attached. Thla 
can ba carried out, or exaaple, a daaerlbed in 
Agraval, S. t at a£. t Huclaic Acida Roe. . 14: 
6227-6245 (1986); Tat Lett. . 31:1543-1546 (1990); 
20 lucleic Acida Rea. . 18:5419-5423 (1990) and Eaaea, 
F.C. S at al. 9 Kathode in Ensvole gy. 168:733-761 
(1988). The teachlnga of both of theee referencee 
are Incorporated herein by reference. The excita- 
tion and emission apaetra for the fluorophoraa used 
25 for labeling the tvo probea auat overlap. With the 
tvo fluorophorea aentloned above, the excitation 
vavelength for fluoreacein (472 aa) vill excite en 
eaiaalon vavelength of the rhodaaina at 577 aa. An 
laportaat eonaideratlon in eelectlng or deeigning 
30 probea or oligonucleotide eequeneea Is the distance 
vhich vill aeparate then once each hybridisea to the 
region of the longer DNA aaquance to vhich it la 
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coapleacotary. In general, the closer the two 
fluorophores art to on* another, the greater will be 
the energy transfer. Haxiaal' separation it approxi- 
aately 50-75 augstroao. Thus, a distinct repre- 

05 seated by 4-6 bp for tve segaents of DNA hybridising 
to s third coapicacntary unintorruptsd eegaent vould 
represent an acceptable proximity of tho fluoroseoia 
and rhodaaine f luorophoros . Tho acceptable basepalr 
distsneos botvoon othor pairs of fluorophorts can bo 

10 dotoraiaod oxporiaontally by oao skillod ia tho art. 

Ono oabodiaont of tho prosoat iavoatioa rolatos 
to tho dotoetioa of tho eegaent of DNA froa a cystic 
fibrosis gono in which tho gonotic dolotlon (-TTT-) 
occurs on chroaosoao 7. Tho dotoetioa of this 

X5 dolotioa oaa bo carried out as follows: Two probos 
aro used: oao probo (a first probo) which is 
approxiaatoly 20 ollgonuclotidos in length, which is 
coaploaontary to tho cystic fibrosis gono and 5' to 
tho deletion, and labolod with fluoroscoin (e.g., by 

20 attaching fluoroscoin by a linker to tho 5' end of 
the oligonucleotide DNA sequence) and aaothor probe 
(a second probo) which is a hexaaer coaploaontary to 
the nucleotide sequence of the -TTT- deletion and 
the adjacent three nucleotides la tho 3' direction 

25 aad is labeled with rhodaalne attached to its 3 f 
end. 

Ixoa 10 of chroaosoao eeven, ae described by 
lesrdon, J.1. 9 et a^. t ( Science . 242:1066-1073 
(1969)) is isolated froa a aoraal geaoae and froa a 
30 cystic fibrosis genoae. Using conditions detailed 
in Cardullo, I.A., Proc. Natl. Acad. S cl.. PSA. 65: 
8790- 8794 (1988), the coaponents to bo hybridised 
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«. coablned: 1) Exob 10. 2) e 20-..r co.pl.aent.ry 
eo theCGC-ACCATT-ACA-CAA-AAT-AT portion of tho 
s .n. «nd b.eriBg * 3'-terain.l fluoreeceia uol.eule. 
and 3) a h»uir ceapleaeatary to TTT-G6T and 
beeriag * 5'-teralael rhodaaiae aoleeule. Thoro 
will bo two forae o£ Exob 10: ono from • Boraal 
geaoae end a eeeoad fro. • ey.tle fibroeie .enoae. 
Tho reegeate or coapoaeate ere coabiaod at * teaper- 
•tare eppropriete for hybrldixatioa of oligoaucleo- 
tidea of tho length uaed to oeeur (e.g.. 20»C). At 
this t.aperature. during tho bybridlxatiou faction, 
tho fluorescein is excited u.ing e ieaer been of 
•pproxi.ately 472 n«. With the 20-a.r hybridised to 
the epecifle eequence of tho fonone. the fluore.cein 
end rhodenine will be in close enough proxiaity to 
pernit the fluoreecence energy traasfer. Thus, e 
rhodenine ealaeioa around 577 na will oceur in the 
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norael geaoae segaeat. 

A. illuatrated ia Figure 2. the rhodeaiae-AAfiCA 
haxaaer will be hybridiaed to the . -TTTCffiT .- ••»■•»* 
of the aoraal geaoae. Thla reeults in eaergy 
eranafer froa fluoreacein to rhodaaiae aad 
fluoreaeeace ealaaloa froa rhodaaiae. Ia the ceae 
la which »■* being «1 tared (I.e.. ia 

thia eaae. eeatalaa the triaueieotide deletioa) . aa 
alao Illuatrated ia Figure 2, there ia ao -TTT- 
crlaueleotlde. due to the genetle deletion. 
Hybridiaatioa of the rhodaaiae- labeled aexaaer 
(rhodaaiae-AAA-CCA-5') with the aegaeat of the 
eyatle flbroaia geaoae aiaaiag the -TTT- caaaot 
occur. At the hybridixatioa teaperature ehoaea 
(e.g.. 20*C), the three aeabert of the probe 
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coapleacntary to chroaosoaal DNA will not hybridize 
effectively vlch a eoapleaentary trlaer. 

Therefore, Exon 10 froa a noraal fan* will give 
a rbedaaina fluoraaeanea energy transfer, vhlla Exon 

03 10 froa a cystic fibroala gene with a -TTT- deletion 
vill fail to give tha rhodaaina fluoraaeanea whan 
aubjaetad to tba nucleic acid hybridisation proce- 
dure deaeribed above. 

Aa Illustrated in Figure 3 t detection of the 

10 cyatlc fibroala defect ia accoapliahed by eaploylng 
the labeled probe 5 f -ACCCAT, coapletely hybrldixabla 
to the aequence 5' -ATCCCT of the cyatlc fibroala 
genoae. In the case of the noraal genoae, hovcver, 
the ATCGGT ancouatera a alaaatch and doaa not 

15 hybridise at 20*C. The FRET energy la, therefore, 
not tranaferred froa fluorescein to rhodaaina and 
tha rhodaaina eaiaaion apectrua ia not activated. 
The probea aay be longer than a hexaaucleotide . 

Tha detection of any known defect in a nucleo- 

20 tide aequence of a gene(e) relating to cyatlc 

fibroala eaa be achieved uaing a pair of tvo oligo- 
nucleotide probea: 1) a flrat probe eoapleaentary 
to aa area of DMA adjacent to the known defect in 
the nucleotide sequence of a gene(a); and 2) a 

25 aacoad probe eoapleaentary to: a) a region of noraal 
OHA oorreapoadlag to the region in which the known 
defect ia the nucleotide aequence of theee geaea 
occurs, and b) a region adjacent, la the oppoeita 
direction of the first probe, to the defect-con- 

30 tainlng region. Each probe la labeled vlth a 

fluorophore and the fluorophoree on the tvo probea 
are different froa one another. The fluorophoree 
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can b. attached to the *' or 5' end o£ either probe; 
bovovor. tho ettaehaent of the fluorophores Bust bo 
Batched in ouch positions that when hybridization 
occurs boevoon tho two probes and an unintorruptod 
segaeat of DHA, tho two fluorophoros of tho probos 
are adjaeent to ono another, wlien both probos are 
hybridized to an unintorruptod eagaent of aeraal DHA 
froa a saaple, thoro will bo an aroa batwoon tho two 
probos which lacks hybridization of eoaploaontary 
nucleotides. In this aroa, tho fluorophoros of tho 
two probos lis adjaeont to ono anotbor. Tho 
dlstanco botwoon tho two fluoropheraa Bust bo 
sufficiently eloso to allow tho offlelont transfer 
of energy between the two fluorophoros but not so 
close as to cause sterle hlnderanee between the two 
probes upon hybridization. The excitation and 
eaisaion spectra of the different fluorophoros aust 
overlap to achieve energy transfer. One fluorophore 
acts as an energy donor and the ether acts as an 
energy accepter. wTsen in presieity to one another, 
which occurs with hybridization of both probes, the 
fluorescence of the energy donor decreases as the 
fluorescence of the energy acceptor increases. 
Exaaplee of each fluorophoros are fluorescein and 
rhodaaine . 

rrobes useful in the present aethod can be Bade 
using genetic engineering techniques or can be 
synthesized eheaically. such as by the phosphoraai- 
dlte aethod using a eoaaerelal DHA synthesizer and 
l-cyanoethyl phosphoraaidite. 

Preparation of fluorescently labeled oligonu- 
cleotide probes can be achieved by derivatization of 
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the desired end eo be labeled and subsequent attach- 
■•at ol tht fluorophore. Briefly, for S f fluoro- 
phore labeled oligonucleotide' probce # an aninohexyl 
linker can ba introduced onto tha »' and of tha 

05 ollfonuclaotlda by tha uaa of an extra cyola of 
phoephoranldite aynthaala (9-f luoranyl) methooxy* 
carbonylamlnohexyl l-cyanoethyl Kl-dlleopropylamino 
phoaphita In tha coupling raaction aa daacribad by 
Agraval, S. at al. t supra, and Imeon, P.C. at a^« 9 

10 aupra. After removal of pro tactile groupa with 

eoncantratad ammonia eolutlon, tha amlnohoxyl link ad 
oligonuclaotida can ba purifiad by reveree- phase 
high praaiura liquid chromatography (HPLC) . 

Tha 3' and dcrivatlsatlon of oligonucleotide* 

15 vith an amino group can ba baaad on aatabXlahed 
chemistry for 3' and labeling of ISA. euch aa that 
described in Zanecnlk, P.S. et al. f Proc. of tha 
Natl. Acad. Sciences PSA , 46:111*822 (1960); Booker, 
T.I. e£ al. t Muclalc Acids Res.. 5:3*3-3*4 (1978), 

20 the teachinga of which are hereby incorporated by 
reference. To adapt this chamiatry for labeling 
DMA, aynthaaia of tha daairad oligonucleotide 
sequence can ba carried out on 5' -dimethoxytrityl- 
•3' (2*)-acetylribonucleoiide2 # (3')- linked to 

23 long-chain alkylamino controlled-pora glass aupport 
(20mM/gm). Aftar tha aynthaaia, protecting groups 
can ba removed in concentrated ammonia. Crude 
oligonueleotidaa can than ba oxidised vith pyridate, 
reacted vith 1,6-dlamlnohexane, and raduead by 

30 sodium eyanoborohydrida aa daacribad ia Agraval, S. 
at al. and Booker. T.ft. et ai. Tha amino-oligonu- 
cleotidea can ba purifiad by reverse phase HPLC 
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because they are retarded to a significantly greater 
•xtintthtn undcrivetised olig onueleotides . 

Attachuent of fluorescein, using fluorescein 
lsothiocycnate, or tetrancthyl rhodamlne, using 

05 tetranethyl rhodamlne laothloeyanate, to tho 

derivatized oligonuelootidos end subsoquont purifi- 
cation can bo carried out according to tho proce- 
dures described in Agraval, S. •£ *1. and Ens on, 
ec al. , supra. 

10 Tho present net hod can include the following 

stsps: 1) obtaining from an individual a sample to 
be analysed; 2) treating the sanple to render 
nucleic acids present available for hybridisation 
vith eonplenentary nucleotide sequences; 3) com- 

15 bining the created sample end a pair of appropriate 
fluorophore-labeled oligonucleotide probes, under 
conditions appropriate for hybridisation of eonple- 
nentary sequences to occur; and 4) determining 
vhether fluorescence resonance energy transfer 

20 occurs. A lack of energy transfer is indicative of 
cystic fibrosis. 

The present aethod can be used on DHA from a 
variety of tissues. For example, a sanple can be 
obtained prenatally by amniocentesis or postna tally 

25 by surgleal biopsy. Once obtained t the sample is 
treated in such a manner that the nucleic acids 
present In the sample are evallable for hybridisa- 
tion with complementary nuclele acid sequences, 
which are the selected oligonucleotide probes 

30 described above. For example, a sample can be 

treated with an agent which disrupts the cellular 
and noiecular structures of the tissue. Cells can 
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be disrupted using chaotropic agente which disrupt 
the aoleeular atructurc of the tieeue. That la, the 
agent dcnaturce the secondary, tertiary and/or 
quarternary atructuraa of biopolynere, including 

05 proteiae, nuclaic acids, polyeaeeharldee which ara 
generally found in biological epcelaens. Isaaplcs 
of chaotropic agonca include chaotropic aalta (e.g., 
guanldlnlua thloeyanate) , hydrolytic ensyaes (e.g., 
protaaaaa) and eoapounds that disrupt hydrophobic 

10 interactions (a.g, eodlua dodecylsulfate, phonola t 
dlaethylforaaaide, dlaethylaulf oaide f tetraaethyl- 
uraa or guanldinlua hydrochloride. Physical or 
aachanical aaana of disrupting aolseular atructuraa 
(e.g., bead beading and aoaleatlon) can be uaed to 

15 releaae nucleic acida. If neceeeery, nucleic acids 
present in the tissue saaple and released froa it 
can be treated further to ensure that they are 
available for hybridixation with coapleaantary 
nucleic acid aequencea (e.g., by heating to render 

20 double stranded sequences single stranded). Agents 
and techniques that disrupt aolseular atructuraa can 
be used singly or in Terioua coablaatlons for thia 
purpose. 

After the aucleie acids are rendered available 
25 for hybridisation, the saaple la coabined with a 
pair of oligonucleotide probes as deecrlbed above, 
which hybridise selectively to the region of aoraal 
DHA which corresponds to the region of D«A where a 
known defect esiets in the nucleotide eoquence(s) of 
30 * g««(») associated with or causative of cystic 
fibrosis. 
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Th. opel.ua t.apor.ture for hybridization of 
both oligonucleotide proboa to aaaple nucleic eeidi 
vlll depend on the nucleotide length of both probet 
and can bo daternined experinentally by ioaeone 

05 ekilled in tho arc. Figure 6 iliuetrateo tho 
aelting teaperature (T^) for hybridization of 
unaodlfied oligonucleotldea. end of oligonucleotides 
with aodifieatione at tho internueleoalde phoe- 
phatea. A 20-aor unaodlfied deoxyoligonucieotide 

10 has a T of 6«»C; while a trlaor unaodlfied deoxy- 
oligonucieotide haa a T B of approxiaatoly 5»C. 

Tho aothod of tho proaont invention ean bo 
carriod out in aueh a aannor that hybridization 
occur, in an aqueoue anwironaent without tho nood 

15 for a aolid aupport. Tho troatod aaapla ia present 
In a liquid praparation. aueh aa a phyiologlcal aalt 
solution. Tha oligonuelootid. proboa ara alao 
proaont in a liquid praparation. Tho tiro prepara- 
tiona ara eonbined, to produco a aaapla -probo 

20 eoabination. Tbia raaulte in contact between 

nucl.ic acid aaquoncoa proaont in tha aaapla. and 
tha oligonuci.otida proboa. If nuclootida aoquonco. 
which ara coaplaaantary to tha aalactod aat of 
nueiaic acid proboa ara praaont. hybridixation will 

25 occur. 

Decoction of hybridixation ia carried out by 
oxpoalns tho aaaple to a wavelength appropriate for 
oxeitation of tho donor fluorophoro. For axaaplo. 
if tho donor fluorophoro la fluoroocoin, a 
wavelength of 472 na la uaed. The energy fron the 
excited fluoreaeeln ia tranaferred to the acceptor 
fluorophoro. aueh aa rhodealne. The fluoreaeene. 
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emission wavelength of the acceptor fluorophore is 
then measured. Typically, the background fluores- 
cence intensity of phosphate-W f ered ••lino eolu- 
tlon is determined. To this solution, quantities of 
05 donor labalad or unlabeled oligonucleotides in 

phosphate-buffered saline are added in steps and the 
fluorescence intensity is determined. Oligonucleo- 
tides containing acceptor fluorophores are then 
added in volume steps. Energy transfer is observed 
by both quenching and acceptor enhancement. Trans- 
fer efficiencies are determined from the quenching 
data. This involves correcting the data for dilu- 
tion and for quenching by unlabeled complement. 
Thus, if Q d u *nd Q d are the quenching observed 
for unlabeled and labeled complements, the tranafer 

efficiency is given by « t -(Q df A -Q d ,u )/(l * Q d f u } • 
Acceptor labeled oligonucleotides are added until E t 
is constant. The degree of quenching of the donor 
fluorophore and excitation emission of the acceptor 
fluorophore are determined for each sample and 
compared. Lack of hybridisation betveen 
oligonucleotide probes and sample nucleic acids is 
detected by the absence of quenching of the donor 
fluorophore and abaence of an enhanced emission 
spectra of the acceptor fluorophore. normal eamples 
and samples obtained from individuals suspected of 
having cystic fibrosis or being a carrier of a 
cystic fibrosis gene are compared. 

The FRIT technique can be used for the 
diagnosis of other cellular dieeases Involving DBA 
or EN A, in vhich nucleotide deletions, changee or 
additions occur. For example, Familial Hypertrophic 
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c„.dl.T.»athr i« th. fi c.rdi.c KHC g.n., «on 27 
h*. . r.pl.c.n.nt of .n «U»tn. by a ..tin. r..idu. 
at on. po.ition. tin. eodon tak.. th. plac. of an 
A. chu«, conv.tting th. coding ..c.u»nc. from 
GCC(.ia) " TCC(..r) (Tanigawa, fi. fit al. . £lU> 
62:991-998 (1990)). 

In Myoclonic Bpil.osy and Ragg.d-l.d Fib.r 
Dl>.... (BIU) • .utatiou occur. at nucl.otid. pair 
8344 in th. nitoehondrial D»A in th. tRHA ly. ItC 
loop, with an A-tcO tr.n.ition nutation (Shoffn.r. 
J.K. Jtil.. Cfll. 61:931-937 (1990)). 

In Albright' • H.r.dlt.ry O.t.ody.trophy. th. 
G • g.n.. contain, in .xon 1 .n A-to-C tr.n.ition .t 
pi.ition +1 in th. .U.l«. nutation 
conv.rt. th. initi.tor AT6 (n.tbionin.) codon to CTO 
(w.lln.). thu.. blocking initiation of tran.iatlon 
«t th. norn.l .it. (Patt.n, J.L. ft al. . H.t-J- 
312:1412-1419 (1990)). 

In th. di.aa.a ch.ract.rix.d by a d.fiei.ncy of 
lipoprotein lip.«. (WW activity, known a. 
LPU i • «»«• l » * " ln « l * b *" » ttb • tltuCio,l • C 
- A!*.i"«iti.» 781 in th. fifth ..... «hich 
r..ult. in .« Ala - Thr .ttb.titution at ro.idu. 176 
of LPL (CCA b.co... ACA) (B.g. O.U. ft al. Proc* 
aoi. PSA . 87:3474-3478 (1990)). 
In tha di.aas. known a. Achondrog.n..i. . th.r. 
i. a n.t.ro.ygou. .ingi. .*•« d.l.tion in th. typa 
II procoU.g.» 1— (C0L2A1). A .ingl. »•■• ehanga. 
C - A occur, in 31 of th. KFLf (♦> mlUlm 

r..ult. in • gUein. to ..rin. .ub.titutlon at a.inc 
aeid po.ltion 191 in th. C-prop.ptid. of typ. XI 
procoll.g.n. A ..cond .ub.titution occur, at th. 
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100 th nucleotide of exon 46. and eonv.rt. the norn.1 
glycine codon at poeltlon 943 . (CCC) to ..tin. (ACC) 
(Via.ing, H. oc al. , J • Biol. Cho^, 114:18265.18267 
(1989)). 

In Tay-Saehe Maeaae (0 M2 sang lloaldoalf . typo 
1) thr.o point nutetiona b.v. boon Identified (for a 
r.Tl.w. — Trigge-Ralne. B.L. ft .1 . . H.t.J. ** 6 " 
323:6-12 (1990). In ona of thoaa a four bate pair 
imertlon occur* In axon 11. accounting for 
.pproxl.at.ly 70 p.re.nt of tb. ea... of lnfanttl. 
Tay-Saeh. dla.a.a in A.bkanexl Je« (Hyerowltx. R. 
.»d F.C. Coatigan. -T- llal. Chan. . 2£3: 18567-18569 
(1988)). 

In hemophilia A. tba eodon for arglnlne (CCA) 
•e amino aeld 2135 la autatad to tba atop eodon TCA 
(Youaaoufian. H. at al.. fiatura. 324:380-382 

(1986)). fi 

I* alexia call an.ala In tba B -globln ehaln, 
thara la a aubatltutlon of A for T at eodon 6. Tbla 
nutation ehengee tba codon CAC (Clu) to CT6 (Val) 
(Antonarakia, S.E. at a^ , Hun, Genet., 69:1-14 
(1983)). 

A liat of 16 diaaaaaa In »taieh point autatlona 
have baan idantlflad la given in a review of genetic 
dleorders at the DHA l.v.l by S.E. Antonarakia 
(Antonarakia, 5.E.. ff.E.J- "««■■ 120:153-163 
(1989)). X» addition to thoaa nentloned 
apeclfleally above are Gaucher* a dleeaee 
bypobetalipoprotalne.ia. Oataogeneala i.perfeeta 
aaaoelated »lth a fran.ahlft nutation. Gyrate 
atrophy, Diabetea ■eilltue due to abnormal inaullna, 
H.raditary peralatenea of f.tal henoglobin. 
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Pb.nylk.tonurla. -^antitryp.ln d.ficl.ncy. 
„-Th«l««...i*. Familial hyp.rchol..t.roi..l* . 
Ornithln. tr.n.carba.yl... d.flcl.ney. H.«ophlll« B 
and H.«ophllla A. 

In principle. wh.r.v.r a polne .ue.tlon ha. 
»..n td.ntlfUd in a g.no... It pr...nt. .n 
opportunity to ...par. th. hybridl.ati.u T« •£ 
...11 of a «or..l ..no.. .«d •£ a dl..a.. 

alt.r.d by ...» of th. WEI t.ehnlqu.. .nd 

to dl.gno.. th. point .utatl.n by .n alt.r.tl.n In 
th. T. of th. .ff.et.d a. co.p.r.d with th. nor«.l 



20 



25 



g.noa. a.n.nt. 



Vh.n a .ingl. ba.. d.l.tlon. alteration or 
in..rtlon oeeur. in th. dl.....d .tat., th. 
bybrldl.ation ...oel.tlon dlff.r.nc. b.tw..« th. 
p.rf.etly netch.d hybrid, and tho.. with 
«l«.teh(a.) ean b. .agnlfi.d by low.ring th. 
hybrldlratlon t.-p.r.tttr.. Thu.. for .aa.pl.. !■ 
th. ..rly .«p.rl«.«t. d.flnlng th. particular 
trlnucl.otld.. coding for Individual a.ino "Id., a 
hybrldlxatl.n t..p«ratur. around *'C wa. «■•*. in 
ord.r to indue, aff.etlv hybridl.ation with 
trlnuclaotld... At 37«C a trlnucl.otld. will not 
hybrid!.. .ff.ctlv.ly with it. p.rf.etly -ateh.d 

baa. eo«pl.«.«t. 

Th. l«wantl.« I. furth.r illu.tr.t.d by th. 
following ap.clflc a«.-pl... »bieh ar. not int.nd.d 
to b. Halting in any way. 
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EXAMPLE 1 Effect of Acca ptor Concentration on 
Transfer Efficiency 
The teachings of all scientific publication! 
citad in all exaapleo harain ara hereby ineorporatad 

05 by rafaranca. 

Fluoraacanca aeasureaenta vara aade in a 
Perkla-Ilner apactrof luorlmatar equipped with a 
tcaperature controllad chaaber and Glan*Thoapaoa 
polarixer. Tha excitation vavelengtha uaad for 

10 fluorescein and acridlna orange vara 472 na and S03 
na, reepectively. Tha aalaalon vavelengtha uaad for 
fluoraaealn, acridlna orange and rhodaaina vara 517 
na, 522 na and 577 na, reepectively. 

Tha background fluoraacanca intensity of 85 m1 

15 of phosphate-buffered aallna (PBS: 0.138 a 

HaCl/0.01 a phoephate, pH 7,2) in a 200 pi quartz 
cuvatta (optical solution path length • 0.3 ca) vas 
datarainad. To this cuvatta, 15 pi of approxiaately 
5 aM donor-labalad or unlabalad ollgonuclaotidaa in 

20 PBS vaa addad in S alorolltar atapa and tha 
Intanalty vaa datarainad. Ollgonuclaotidaa 
containing accaptor fluorophora vaa than addad in 5 
ill atapa. Inergy tranafar vaa obeerved by donor 
quanching and accaptor eahancenent. Tranafar 

25 afficianciaa vara datarainad froa tha quanching 
data. This Involved eorractlng tha data for 
dilution and for quanching by unlabalad coaplaaaat. 
Innar flltar af facta vara nagliglbla. Thus, if Q d ^ 
and Q d 4 ara tha quanching obaarvad for tha 

30 nonlabelcd and labalad coaplaaanta, tha tranafar 
afficlancy la given by tha following aquation: 



SUBSTITUTE SHEET 



POYUS92/01S91 



WO 92/14845 



•22- 



A cc.p C or-l.b.i.d oligonucleotide v.r. .-d.d «« « 
E c-n.t.nt. Exp.ri..nc. w.r. p.rfor-.d .t SC. 

C to d.t.r.in. th. n.xi.u. .fflci.ncy of tr.n.f.r 
b . t v..n donor .nd .cc.ptor fluorophor.. .tt.ch.d to 
^ oligonucl.otld... th. ..l..io» . ? .c«u. of .cc.ptor 
„, follovd . function of incr...ing .cc.ptor 
e.nc.ntr.tio. .c . fix.d nu.b.r of -nor 
Th. fit-t .«p.ri-nt. v.r. p.rfor-.d u.in. tvo 
C o.pl...nt.ry oligonucleotide vith donor .nd 
0 .cc.ptor fluorophor.. .tt.ch.d .t .Uh.r .nd of th. 
hybridix.d co.pl.x. Att.chn.nt of fl«or..c.in. 
u.ing fluor..e.ln i.othlocy.n.t. . or 
„tr...thylrhod..i». u.in, t.tr...thylrhod..in. 
i.othiocy.n.t.. to th. d.riv.tir.d oligonucl.otid.. 
5 .nd .«b..,u.nt purific.tion «.r. c.rri.d out 
.cording to th. ..thod. of Agr.-.l. S. ft si-, 
.upr.. .nd E»o». I.e.. ~f». — •"i"" 1 "*"' 
h.d fluor..c.in .tt.ch.d to it. 5' «* (donor) 
vh.r... th. oth.r co.pl.«nt.ry nucl.otid. n.d 
lQ tB od.»in. .tt.ch.d to it. 5' .nd (.cc.ptor). 

Q u.nching .nd «.n.f.r .ffici.ncy v.r. d.t.r.i». 
for oli.onuel.otid.. confining « nucl.otid... 12 
nucl.otid.. »nd 1« nucl.otid... 

A. .ho«« i» «gur. *. .-l«io» ••••«• 

25 pr...«t.d - » of 

rhod..in.-Un k .d S-..r conc.ntr.tion to . fix.d 

nu .b.r of fl»or..c.in.link.d 8-..r ..l.eul... * 
tb . mount .f rhod..in..linh.d ncr....d. 
th.r. . d.er..«. I» fluor..c.in ..iMton 
30 int.n.ity (317 n.) .nd .» incr.... In rh.d..in. 

o.L.ion int.n.ity (377 nn). S.tur.tion of both th. 
fl uor..c.i« inching .nd th. rhod.nin. .nh.nc.nt 
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occurred when the ratio of acceptor to donor 
•xc.d.d 2:1. Tho iiiiiui quenching of fluorescein 
upon saturation we« 0.63 in tho proaoneo of donor 
and aeeaptor. Whan tha experlaent vaa rapaatad with 
05 fluoraacain-linkad oligonucleotides and Ita 

unlabalad coapleaent, fluoraaeain ealoslon intensity 
vaa quanehad 0.26 froa lta asxlaua Talua with no 
datactabla Ineraaaa in intensity at 377 na, aa shown 
In Figure 4. Thua, fluoraaeanca vaa aodulatad In 
thraa vaya upon hybridization: a daeraaaa in 
fluorescein aalssion upon binding to an unlabalad 
eoaplaaantary oligonucleotide, a larger daeraasa in 
fluoraaeain ealaslon lntanaley upon binding to a 
rhodanlna-llnkad eoaplaaantary oligonucleotide, and 
tha dataetlon of rhodaaina aaisaion lntanalty upon 
binding to a rhodaaina- linked eoapleaantary 
oligonuelaotida. Tha firet phenonenen rapraaants a 
quenching of tha fluorophore upon binding to lee 
unlabalad eoapleaant, vhila the latter tvo phenoaene 
represent aoduletloa of fluoreeeenee intensity due 
to energy transfer. The degree of fluoreecein 
quenching due to energy transfer alone vaa 
calculated froa the above equation. In the ease of 
the 8-aer, the transfer efficiency betveen 
fluoreecein and rhodaaina vaa, therefore, about 0.5. 

Coaparabla experlaeats using 12-aers and 
16-aers vere alee perforaed, the results of vhlch 
are shovn in Table 1. In general, the aaount of 
quenching in the absence of acceptor *ee Independent 
of chain length end had a value of 0.26 ± 0.02 for 
all oligonucleotidee (aean ± -SD for 4 deteraina- 
tlons of each n-aer, where n - 8. 12, or 16 
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nucleotides). In the presence of rhodaaine. linked 
conpleaentary oligonucleotides, the degree of 
fluorescein quenching duo to energy transfer alone 
decreased with increasing chain longth. Aa ahown in 
Figuro 5. hybridization wa* eoaplate for all ehroo 
chain langtha ae an aeeoptor/donor raeioi, no 
aodulation in th* eorroceod fluoraaeain or rhodaaine 
signal wae obaorvod. Subsequent experlaents uaing 
thoaa oligonuelootidoa were don* at an 
•ceeptor/donor ratio of 4:1 to anaura that 
hybridization vas eonplete. 

tov* of ODNT 



Mill. ' MtrtilMiwi nf flnnmrrf- s —^ i y — 
1 far ODNT» cf cbua taffh « 



■tin. 



its at» 

IMS * 0.021 OJ01 a &03S 0-f» * ox 



is ■ ss.is iii.ts 

15 s iasis £S '^ a.-, »»«».» 

" r.SDfcrtwaTff^uP-^S^i^^"*^ 1 -'-- - " 

ODNT. 



EXAMPLE 2 effaet of Toaoorature on T ranaf*r 
20 Efficiency 

Th* affaee of teaperaturo on hybridization «• 
alao follovad for diff*r*nt chain langtha (8, 12 and 
16-aara) ae saturating cone*ntrationa of 
•eeaptor-llnkad oligonucl*otid* . Tha raaulting 
malting taaporaturaa (T^) . dafinad as th* aidpoint 
▼aluea of fluoraseain quenching or rhodaaina 
anhaneaaane ©war a taaparatura rang* of 0-60* C. w*r* 
eoaparad with abaorbanca values that ara at 260 na. 
Abova 50*C, thara was no fluoraaeain quanehing nor 
datactabla rhodaaina signal. Aa tha taaparatura was 
lowarad. tha fluoraaeain intanaity decreased and the 
rhodaaina intanaity increased in a eigaoidal Banner 
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as shown by (o) in Figure 6, Indicating an increase 
in transfer efficiency with the rhodaaine Acceptor 
attached to the coaplenentary 8-aer. This agreed 
vail vith tha abeorbence data, vhieh ahovad a 
05 characteristic zigaoidal dacraaaa in A 26Q vith 

dacraaaing teaperature, Indicating hybridization of 
eoapleaentary nucleotides. In addition, there vae a 
concurrent increase in rhodaaine eaission intensity 
<o). 

10 in general, there vae no aignifieant difference 

between T values obtained by fluoreacein quenching 
a 

and by decreased * 2 6Q aignal vith decreasing 
teaperature. The T & values obtained by fluoreacein 
quenching vere 23.8 ± 4.2'C, 38.3 1 4.5*C, and 47.2 
15 ± 5.2"C for tha 8-aer, 12-aer and 16-aer f rcspec- 
tlvely (aean i SD for 4 daterainations) . By 
coaparieon, the valuea obtained by a decreaae in 

A 260 v * r * 24 * 5 * C ' 37 - s-c » * ttd **-0 # C (for the 8-aer, 
12-aer and 16-aer, respectively). Hence, in all 
20 cases, the T_ deteralaed by fluorescence vaa vlthin 
3% of the T B deterained by A 26Q . 

EXAMPLE 3 Hybridization of Tv o Labeled 

Oligonucleotides to a Coanloaontary 
Strand 

25 Experiaenta vara alao perforaed vith tvo 

fluoreacaatly labeled ollgenuelaoeldea hybridized to 
a longer coapleaentary strand aa scheaatically 
illustrated in Figure 1. Vhen theae thraa atranda 
hybridized, only 4 baaea aeparated the fluoreacein 

30 donor froa the rhodaaine acceptor. Aa in Exaapla 1, 
quenching of donor fluorescence by energy tranafer 



SUBSTITUTE SHEET 



WO 92/14845 



PCT/US92/01591 



-26- 

incraaaad to itturition vith acceptor concentration. 
Tabla 2, Una a, ahova tha raaulta of thasa 
axpariaanta. In tha praaanca'of f luoraaca in- labalad 
oligonuclaotidaa And unlabalad oligonuclaotidaa 

05 hybridizad to tha 29-aar, tha quanching of 
fluoraacain aaiaalon vaa about 0.27. In tha 
praaanea of rhodaaina accoptor, tha quanching vaa 
anhancad to 0.71 and thara vaa a larga fluoraaeanca 
alfnal at tha rhodaaina paak (577 na) . Hanea , tha 

10 tranafar afficisney, givan by tha abova aquation in 
Exaapla 1, vaa about 0.6. 



Taote2. 




raflfckacy of ti« 12- 


MnaacM iaa2M 


iar 0dm A) aod of 


wo aybn 




nsoct of acridiat on 


sat (Bat B) 






a^r 




4 


M/JU 


A 






fcattZ x 0.017 


tfUalOU 


B 




0,109 ±ao» 


l»* 0.016 





Wu^mT m S? mmt y ^ fa * f dtt to M* tiporiaaau. Subtcnpc d cipcmou fl uomrc i n in 



EQUIVALENTS 

20 Thoaa aklllad in tha art vlll racogaiaa, or ba 

abla to aseartain uaing no aora than routina 
sxpariaantatioa, aany aquivalanta to tha apaeifle 
aabodiaant of tha invantlon daacribad apacifically 
harain. Such aquivalanta ara Intandad to ba 

25 sneoapaasad in tha acopa of tha folloving claiaa. 



SUBSTITUTE SHEET 



WO 92/14845 



PCT/US92/01591 



1. 



05 



10 



15 



20 



-27- 
CLAIMS 



25 



A pair of oligonuel.otid. probe., wh.r.in: 
•) « fir.t oligonucleotide probe i. coapri.ad 
of a nucleotide aequonee which hybridiz.. 
to a region of huaan ehroaoaoaal DNA 
adjacaat to a region in which aa 
•It. ration aa.oeiatod with eyetle flbroala 
oecur. and 1. Lbel.d with a fluorophore 
•e tha and which, upon hybrldlaation to 
tha region of huaan cbroaoaoaal DNA, I. 
cloaar to tha region in which tha 
•Iteration occura; and 
b) a aaeond ollgonueiaotida proba la 

eo.prlaad of • nuelaotida aaquanca which 
hybridU.. to tha ragion of noraal huaan 
ehroaoaoaal DNA which corra.pond. to tha 
ragion In which tha alt.ration aa.ocl.t.d 
»lth cjatle flbroala occur* and la l.bal.d 
»ith a fluorophora at tha and whleh, upon 
hybrldlaation to tha ragion of huaan 
ehroaoaoaal DBA, la cloa.r to tha firat 
proba. 

A pair of ollgonueiaotida proba., wharaln: 
•) • flrat ollgonueiaotida proba la coaprlaad 
of a nuelaotida ..qu.nc. which hybridi.aa 
to a ragion of huaan ehroaoaoaal OVA 
•dj.c.nt to tha 3» and of tha ragion wh.ra 
tha trinucleotide delation of ehroaoaoaa 
eawan aaaoclatad with eyetle flbroala 
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occur* and is labeled with a fluorophora 
«C chi 5' end; and 
b) a aacond oligonucleotide proba coaprised 
of a nucleotide sequence which hybridize* 
Co the region of noraal huaan chroaoeoaal 
DHA vhich correspond* to tha region where 
the trinucleotide deletion of chroaosoae 
aavan associated vith cystic fibrosis 
occurs and la labeled vith a fluorophora 
1° at tha 3' and. 

3. A pair of oligonucleotide probes, aach 

coapriaad of a nuclaotida saquanca and a 
covalently bound fluorophora: 
a) 3'-CCC TCC IAA ICT CTT IIA TA PL- 5' 
15 *>) 3 ' - PL AAA CAA-3', wherein tha fluorophora 

(FL) covalently bound to ona proba is a 
donor fluorophora and tha fluorophora 
covalently bound to tha othar proba Is an 
accaptor fluorophora. 

20 4. a pair of oligonucleotide probes of Claia 3, 
vhara in tha donor fluorophora ia fluorescein 
and tha accaptor fluorophora ia rhodaaina. 

5. A aathod of datacting in a saapla a defective 
25 fftn* Associated with or causative of a disease, 

eoaprising eoabiniag tha saapla, treated so as 
to render nucleic acida preaent in tha saapla 
available for hybridization with coaplaaentary 
oligonucleotide probes, under appropriate 
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conditions, vlth a pair of f luorophore- labeled 
oligonucleotide probes, vherein: 
a) « first oligonucleotide probe is coapriscd 
of ft nucleotide eequence which hybridizes 
to « region of huaan chroaosoaal DNA 
adjacent to a region in vhlch an 
alteration associated vlth aald disease 
occurs and is labeled vlth a first 
fluorophore at the end vhlch, upon 
hybridisation to the region of human 
chroaosoaal DNA, is closer to the region 
in vhlch the alteration occurs; and 
b) a second oligonucleotide probe is 

coaprlsed of a nucleotide sequence vhlch 
15 hybridizes to the region of noraal huaan 

chroaosoaal DNA vhlch corresponds to the 
region in vhlch the alteration associated 
vlth said disease occurs and is labeled 
vlth a second fluorophore at the end 
20 vhlch, upon hybridisation to the region of 

huaan chroaosoaal DNA, is closer to the 
first probe; and separated by a distance 
vhlch allovs the efficient transfer of 
energy betveen the first and second 
25 fluorophore. 

6. A aethod of Clala 5 9 vhereln hybridisation of 
coapleaentary nucleotide aaquences is deteeted 
by determining fluorescence resonance energy 
transfer. 
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7. A method of Claim 5 wherein, upon 
hybridization, the two oligonucleotide probes 
are eeparated optimally by a diatanee of two co 
four nucleotide basee, with longer and ehorter 

OS diatancaa being accaptabla as long as energy 

transfer occurs. 

8. A method of detecting in a eanple a gana 
aaaociatad with or eauaatlva of cystic 
fibrosis, comprising combining tha saapla, 

10 treated ao aa to render nucleic aclda preaent 

In the sample available for hybridisation vlth 
complementary oligonucleotide probes, under 
appropriate conditions, with a pair of 
fluorophore- labeled oligonucleotide probes, 

15 vhereln: 

a) a first oligonucleotide probe Is comprised 
of a nucleotide aequence which hybridizes 
to a region of human chromosomal DNA 
adjacent to a region in which an 

20 alteration aaaociatad with cystic fibrosis 

occurs and Is labeled vlth a flrat 
fluorophore at the end which, upon 
hybridisation to the region of human 
chromosomal DNA, is closer to the region 

25 in which the alteration occurs; and 

b) a aecond oligonucleotide probe la 
comprised of a nucleotide sequence vhich 
hybridises to the region of normal human 
chromoaomal DNA which corresponds to the 

30 region in vhich the alteration aaaociatad 

vlth cystic fibrosis occurs and is labeled 
vlth a aecond fluorophore at the end 
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which, upon hybridisation to the region of 
human chroaosoasl DNA # is closer to the 
first probe; and aaparatad by a dlstanca 
which allows the affielant transfer of 
•norgy batvaan tha first and aaeond 
fluorophore. 

9. A aethod of Claia 8 vharaln hybridisetion of 
eoapleaentary nuclaottda aaquaneaa la dataetad 
by detoraining fluoraaeanea raaonanca energy 

10 tranafar. 

10. A aathod of Claia 8 wherein, upon 
hybridlxation. tha tvo oligonuelaotlda probas 
ara aaparatad by a diatanea of tvo to four 
nuclaotlda baaaa. 

IS 11. A aathod of dataeting in a aaapla a 

trinucleotide dalatlon of ehroaoaoaa aavan 
aasoeiatad with or causative of eyatlc 
fibroala, eoaprlalag eoablning tha aaapla, 
traatad ao aa to randar nuelaie aeida praaant 
in tha aaapla avallabla for hybridisation with 
coaplaaantary oligonuelaotlda probaa, undar 
appropriata conditions, with a pair of 
fluorophore-labeled oligonuelaotlda probaa, 
wharaia: 

a) a firat oligonuelaotlda proba la eoaprlaad 
of a nuclaotlda aaquaaea whleh hybridizes 
to a region of huaan chroaoaoaal DNA 
adjaeant to a region in whleh said 
trinuelaotlda delation aaaoeiatad with 
30 eyatic fibrosis occurs and la labeled with 



20 



23 
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12. 

20 



25 



14. 



■ firat fluorophore at the end which, upon 
hybridization to the rogion o£ huaan 
chroaoeoaal DHA. la'cloear to tho rogion 
in which the alteration oeeuro; and 
m. ooeond oligonucleotide probo ia 
eoapriood of « nucleotide eequenee which 
hybrldlzee to tho rogion of norael huaan 
ehroaoeoaal DHA which eorroaponda to tho 
rogion in whieh tho trinucleotide deletion 
cf ehroaoaoae eeweu eaaociatod with eyitic 
fibroaia oeeura and ia labeled with a 
■acond fluorophore at the end whieh, upon 
hybridization to the region of huaan 
chroaoaoaal DHA. ia oloaor to the firat 
probe; and aoparated by a dlatance which 
allow* the efficient tranafer of energy 
between the firat and aeeond fluorophoro. 

A aethod of Claia 11 wherein hybridization of 
coapleaentary nucleotide eeoueneoe ia deteeted 
by detoralalng fluoreeeenee reaonanee energy 
tranafer. 



13. A aethod of Claia 11 wherein, upon 

hybridization, the two oligonucleotide proboa 
«re aoparated by a dlatance of approaiaately 
two to four nucleotide baaea. with longer and 
•horter dlataneoa being acceptable aa long aa 
energy tranafer oceura. 



A aethod of diagno.ing eyatie fibroaia in an 
individual, coapriaing the atepe of: 
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a) rendering nucleic adds present in a 
senpl'e obtained from tha individual 
available for hybridisation with 
eouplcaentary oligonucleotide probas; 
05 b) ooabining tha product of a tap (a) with a 

pair of oligonuelaotida probas, wharain: 
i) a first oligonuelaotida proba is 

eonprleed of a nuelaotlda cequcnce 
which hybridises to a ragion in which 
10 an alteration associated with cystic 

fibrosis occurs and is labeled with a 
fluorophore at tha end which, upon 
hybridisation to the region of huaan 
chroaosoaal DBA, is closer to the 
15 region in which the alteration 

occurs; and 
11) a second oligonucleotide probe is 
comprised of a nucleotide aequence 
which hybridises to the region of 
20 nornal huaan chronosoaal DMA which 

correaponds to the region in which 
tha alteration aasociated with cyatlc 
fibrosis occurs and la labeled with a 
fluorophore at the end which, upon 
25 hybridisation to the region of huaan 

ehroaoooaal DMA, is closer to tha 
flrat proba; 
c) detecting hybridisation of coapleaeatary 
nucleotide sequences by deteraialng 
30 fluorescence resonance energy transfer; 

and 
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coaparing tha fluoraacanea rtionanct 
anargy transfar datarninad in otap (c) 
with tha fluoraacanea rtionanct onargy 
transfer which occurs whan hybridization 
takaa plaea undar tha aaaa conditions. 
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